A history of seeing can be demonstrated by the widely differing kinds of pictures that were considered lifelike in their day. Near Eastern painting, which charms us like a bright patchwork, was to its makers and patrons a window into a real world. In the tenth century a poet described an embroidered tent at Antioch by saying, "Whenever the tent side billows with the wind The horses ramp and lions outwit their prey."' According to Vasari the laurel in the background of the Museum's Madonna by Girolamo dai Libri was so "truly a living tree, graceful and most natural," that birds used to fly into the church where it hung to perch on its Since every man of property kept his seal on his person even in his bath and his bed, he had to have it as portable as an amulet, preferred it to be pretty, and was wise if he got it hard enough to wear for a lifetime without noticeably debasing the impression. For these reasons most surviving ancient seals are small and durable, proofed against forgery by their individuality.
Since every man of property kept his seal on his person even in his bath and his bed, he had to have it as portable as an amulet, preferred it to be pretty, and was wise if he got it hard enough to wear for a lifetime without noticeably debasing the impression. For these reasons most surviving ancient seals are small and durable, proofed against forgery by their individuality.
Three or four thousand years ago seal-makers in the Near East were already grinding designs on stone and shell with little disks and drills substantially like those that whirl today under more convenient power. But the scale of early seal-engraving gradually ceased to be comfortable to the naked eye, as the Minoans and even more the classical Greeks succeeded in engraving figures as tiny as a baby's thumb-nail and yet so finished that when photographs of them are enlarged to wall-size the rhythms seem still more alive and the details more exactly proportioned. This perfection in minuteness recurs too often to be attributed altogether to
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The Metropolitan Museum of Art Bulletin www.jstor.org precocious geniuses or to those unusual eyes that see better close up as they grow older. Though the eighteenth century carried its adulation of classical antiquity to the point of postulating a vanished race of men with superior eyes, Greek and Roman eyes must have ached like any of ours for Pliny the Elder to report that gem-engravers and painters strengthened their sight by eating bread sprinkled with rue and that engravers refreshed their eyes by gazing into the cool green of emeralds. That antiquity should have left us no account of the gem-engraver's use of magnifiers is not surprising, since most ancient critics confined themselves to appreciating finished works of art and passed over the workshop's sweaty, sloppy, dusty inevitabilities. In our machine age, however, these very technical processes preoccupy the many archaeologists who have debated this question of lenses in antiquity. Their discussion is excellently summarized in Gisela IM. A. Richter's Catalogue of Engraved Gems of the Classical Style, which is the source of most of the facts stated here. The upshot seems to be that the ancients knew and used the phenomenon of magnification, but there is little certaint) what kind or how early.
One thing is certain; glass, now the commonest material for magnification, was so used very late. In the first century after Christ, Seneca said that small and indistinct writing looked big and clear through a glass globe full of water, and graves in various parts of the Roman Empire have yielded solid glass lenses shaped either like half oranges or like balls that have been squeezed in a tube. Both of these magnifiers could only have been made after the first century B.C., when the art of glass-blowing was invented and really transparent glass was produced in addition to the earlier colored, opaque glass.
The Greek gem-engraver's use of lenses may perhaps be determined from the form of the gems themselves. About 1600 B.C. the Minoans invented seals of a double convex shape-the so-called lentoid gems that look like pills an inch or less across and half as thick (see ill., p. 15). Before engraving the design on one side, both sides were probably polished, or such at least was the procedure over a thousand years later in making a Hellenistic gem that has survived half finished. When a Minoan gem-cutter polished a lentoid blank in rock crystal (a material he often used), he had in his hands as good a short-focus lens as man was to possess until Galileo's time. A rock-crystal lens is probably what is referred to in Aristophanes's Clouds (423 B.C.) when a character says that with one of the druggists' transparent stones for making fire he will focus the sunlight to melt away the letters on a wax tablet as fast as the law clerk inscribes them. Pliny's Natural History (dedicated in 77 A.D.) recommends rock crystal for focusing sunlight to cauterize wounds.
The Egyptians had at least two devices for magnifying that could have served an artisan. Nora E. Scott has pointed out that from an early period their statues and coffins were given eyes with rock-crystal corneas. Several of these would make strong short-focus plano-convex lenses if the flat back were polished like the convex front, and even as they are they magnify quite well if the unpolished back is slicked by wetting. Though the Egyptians may not have had the dime-novel notion of stealing their statues' eyes to improve their own, they used the principle of magnification in their metal hand mirrors, which, even in the early dynasties, they made flat, convex, or concave. Egyptian jewelers may well have found concave mirrors as convenient for exquisitely exact work as dentists do today.
In short, the Egyptians, the Minoans, and the Greeks might quite possibly have used a variety of magnifiers for their microscopic craftsmanship too commonly to attract the notice of ancient writers.
Man held short-focus magnifying glasses for ten or twenty centuries before it occurred to him to free both hands by balancing a pair of long-focus lenses on his nose. The emerald through which Nero watched slums burn and gladiators bleed was probably not mounted like eyeglasses, which would seem to have been invented in the late twelve hundreds in Italy and were first prescribed instead of herbs for treating eye trouble around 1300. What may be the earliest picture of a man wearing them occurs Diirer's drawing machine was reinvented by John Constable, who, "when he was studying the art of painting in his native place, unaided by others," bolted a pane of glass to his easel and kept his eye steady in front of it by tying four strings to the four corners and gathering the loose ends between his teeth. "On this glass, thus held and secured from shifting, he traced with colour the outline of the view. From this sketch he lade his painting. Afterwards studying in the schools of art, he followed the rules of those schools, and fell into the popular errors as he admitted and regretted."2 Less than fifty years after Diirer had made the earliest pictures of drawing machines, a way was found to focus an image through a lens directly onto a piece of paper strongly and sharply enough to trace with a pen or pencil. Aristotle had long before remarked that the image of an outdoor scene could be projected through a little hole into a dark chamber. The ancients cannot have failed to notice that an even stronger projection, though too small for easy experimentation, was cast by their shortfocus lenses.
After the basic machinery of the photographic camera had lain unassembled for centuries, it was finally put together by a Venetian diplomat and writer on architecture, Daniele Barbaro, who in 1568 printed the first description of a camera obscura with lens. The clarity and poetic vividness of his account make it worth quoting.3 "If you wish to study the outlines, colors, and shadows of things as nature spaces them in distance, make a hole in a window shutter and set in it a thick lens from an old man's eyeglasses (not a thin lens made for a young man). Now close all the shutters and doors until no light enters the chamber except through the lens, and opposite it hold a sheet of paper, which you move forward and backward until the scene appears in the sharpest detail. There on the paper you will see the whole view as it really is, with its distances, its colors and shadows and motion, the clouds, the water twinkling, the birds flying. If you partly cover the lens to leave only a small aperture, the image grows sharper. By holding the paper steady you can trace the whole perspective outline with a pen, shade it, and delicately color it from nature." Note that the first description of a usable camera obscura puts it immediately at the service of the draftsman of views. As ever in Italy, science and art went hand in hand.
The number of subsequent accounts of the camera obscura shows that it must have become a usual tool for accuracy when drawing views, portraits, and scientific illustrations. Without such a short cut to the complications of architectural perspective, the manufacture of inexpensive copperplate views, which grew into a widespread industry only to be ruined by Daguerre, could hardly have made money. During the eighteenth century alone, Augsburg and Paris turned out thousands of so-called vues d'optique-rough etchings of places all over the world that bear several lines of description at the bottom and a line of mirror printing at the top. These forerunners of the stereoscope and the travel movie were manufactured in a fairly standard size so as to fit the viewers, which consisted of an upright lens as big as a shaving mirror through which the print was reflected swimmingly in a tilted looking-glass. These viewers, which must have been in every home, to judge by the quantities of prints made for them, were no more complicated than the portable models of the camera obscura, as illustrated on page 18. Allyn Cox has suggested that the camera obscura might have been used by one of the most exquisitely deliberate painters, Vermeer himself. It may be objected that while the camera obscura as described by Barbaro casts a reversed image, Vermeer's paintings show everything the right way around. For instance, the painter in the Czernin's Studio (ill. p. 21) holds his brush in his right hand; and the four maps that appear in five of Vermeer's paintings are all correctly rendered. But he could perfectly well have righted a camera image by using two convex lenses, as Kepler recommended for drawing4 about twenty years before Vermeer was born, or by placing a forty-five-degree mirror above a horizontal single lens as has been done in the camera shown on page 18. It might also be objected that Vermeer could not have achieved his impeccable assemblage of shapesa finality of repose established like the entablature of the Parthenon-by arranging actual objects before a lens. Yet since no other painter, with all the liberty in the world, has ever surpassed that last gravity of balance, why should Vermeer not have painted from a camera image just as well as direct from nature?
The assumption that he painted from a camera obscura would explain a number of peculiarities in his art. In the image cast by a lens Goethe noticed that "everything is covered with a faint bloom, a kind of smokiness that reminds many painters of lard, and that fastens like a vice on the painter who works from the camera obscura." Such an effect is one of the fascinations of Vermeer, who used more colors than almost any other great painter, yet blended every combination as perfectly as the ground glass of a camera. Also the high lights on objects in the immediate foreground-the carved lion-head of a chair or the bright threads of a tapestry-break up into dots like globules of halation swimming on ground glass. By throwing near-by objects out of focus, as it were, Vermeer suggested depth with a device more subtle than the standard practice of making them markedly lighter or darker than what is behind.
Vermeer was blamed for drawing near objects too big and far objects too small. Most painters before the age of photography were in the habit of evening out sizes as modified by distance in order to approximate the correction that we unconsciously make by the convergence of our eyes, a compensation which may be what Constable meant by the popular errors of the schools. Though the dime that I hold at arm's length covers the moon, I know it is really smaller because the crossing of my eyes tells me it is so vastly closer. Yet if I look with one eye or take a photograph or make a correct perspective outline of the moon and the dime I have no difference of convergence to tell me which is bigger. Now if Vermeer were painting from an image seen in the camera obscura, his eyes would not converge more for a near object than for a far one and he would tend to paint near objects bigger and far objects smaller than if he were painting direct from nature.
A memory of his practice might be preserved in a chance reference made by G. J. s'Gravesande, who was born thirteen years after Vermeer's death: "Several Dutch painters are said to have studied and imitated, in their paintings, the effect of the camera obscura and its manner of showing nature, which has led some people to think that the camera could help them to understand light or chiaroscuro. The effect of the camera is striking, but false."5 May it not be that the "falsity" of Vermeer's perspective helped to keep him in obscurity until after the i86o's, when the ubiquitousness of photography had conditioned men's eyes to another way of looking at the world? At any rate it is certain that to a modern eye, accustomed to seeing the world through photographs, Vermeer's near objects no longer look exaggeratedly big.
The eye of any age is so subtly yet inexorably a part of the mind of that age that one is tempted to wonder if photography could have been invented at any time before the 1830's in spite of the fact that the elements had been on hand for centuries. Certainly the photograph would have seemed a distraction of vicious curiosity to the mediaeval scrutiny of everything for possible symbolism and moral value. And the mannerist world, though it showed its liking for architectural perspective by assembling the camera obscura with lens, would have rejected most photographs of the human figure for being so far from its canon of proportion. But in the 1830's Balzac wanted to examine and record his surroundings down to the last item, and Ingres won applause with his painting of clean-edged light and shade.
The desire for exact and unlimited detail and smooth chiaroscuro was probably the incentive that started Fox Talbot on the search that discovered the negative-positive process of photography. In 1833, when Talbot was sketching a landscape with a camera lucida, he found that his "faithless pencil had only left traces on the paper melancholy to behold." Now since the camera lucida is a drawing machine that makes the most complicated perspective as The spread of photography made "photographic" art cease to pay. In 1842, only three years after the announcement of the discovery, over twelve hundred daguerreotype views in a Paris gallery were reporting the appearance of foreign places with more accurate detail than the best-trained hand could draw. In the course of a couple of generations photography not only took away the bread and butter from the main bulk of draftsmen-the news reporters and specimen gatherers for mankind-who had for over three centuries informed the learned and the illiterate about the look of the world, but it also squeezed out the engravers who copied those drawings on copper and wood for printing. Why should a man spend years learning to do what a child can accomplish better by clicking a box camera?
So long as illustrations were produced by a team of draftsmen and engravers, consistency could be achieved only when both groups of artists had been taught to draw alike. As factual draftsmanship ceased to provide a livelihood for most artists, the art schools ceased to train so intensively by literal copying. While this meant that some art students never learned to draw at all, it also meant that all were not pressed so tightly as formerly into a uniform mold. Without such a loosening up of the curriculum in art schools modern art could not so readily have developed its unprecedented diversity of styles. Thus it is that photography, by taking on the drudgery of pictorial reporting, gave expressiveness a freer hand in art than it had had since the Middle Ages. The very invention that was born of a desire for the most detailed realism not only discredited that realism by too quick and easy a satisfaction, but in time stimulated art with undreamed-of revelations of form and action.
Photography has fascinated and influenced some of the greatest artists since 1839. Degas and Thomas Eakins, to name only two, both gave their serious thought to taking photographs as works of art. By getting someone else to release the shutter, both men often photographed themselves, not from vanity, but from convenience, since every artist can count on himself as his most available sitter. When Degas was fifty he wrote a curious letter in which he criticized, in greater detail than he used in writing about his paintings, a photograph where he had recently grouped several ladies in bustles around him in a parody of Ingres's Apotheosis of Homer. It is odd that while his photographs, like Eakins's, show the same characteristics of vision as his paintings, they do not show the "photographic" innovations that he painted and drew. For Degas would seem to have used certain peculiarities of photography for imaginative effect in his painting, such as his trick, in which he far outdoes Vermeer, of making near objects loom immense. When he blows up the clean, abstract shape of a near-by double-bass head or a milliner's hat until it balances a mass of figures in the middle ground he composes in depth as he does in surface extension, by counterpoising spots.
Degas's eye ferreted and foraged among too wide a diversity of pictures for us to discover the germs of some of his inventions. Though it is tempting, for instance, to think that the figures that have walked half off some of his canvases might have been suggested to him by photographs of street scenes or careless family snapshots, he did most of his painting before the photograph became cheap and easy enough for casual snapping. He is more likely to have got his idea for his sliced figures from the Japanese pillar prints that advertised reigning Nude Descending the Stairs, painted in 92rl by Marcel Dl)champ. Reproduced through the courtesy of Walter C. Arensberg, Hollywood geishas in posters shaped like upright strips so they could be pasted on wooden posts in teahouses. Since any figure tall enough to catch the eye from a distance was wider than the slender wooden pillars, the Japanese, like any true artists, made a virtue of necessity by designing figures that looked right only when sliced off at the sides.
There is, however, another matter in which Degas seems to have had a more easily demonstrable connection with photography. His drawing of horses in action was the first complete break with tradition as represented either by the English eighteenth-century rockinghorse gallop or by the monumental baroque horse careering above a stump. How is it that Degas succeeded in accurately catching that elusive horse action-the thoroughbred's highstrung, jumpy instability-when the specialists like Leonardo, Stubbs, Marshall, and Gericault had not come anywhere near as close? Degas did not benefit by Muybridge's pioneer photographic analysis of horse action, for he was already painting his characteristic horse action in the late 6o's and early 70's, before Muybridge had begun to photograph horses in 1872 and long before his results first reached France late in 1878.
A possible answer is suggested in an article pointed out to me by Mrs. Beaumont Newhall, "The Human Wheel," which Oliver Wendell
Holmes wrote for the Atlantic Monthly in 1863,
